Designing electives for medical students in diagnostic radiology is challenging due to the lack of available patient care responsibilities as a basis for structure [1] . Compared with other clinical rotations, there are limited opportunities to assess and review patients, write clinical notes, or perform procedures. Rather, students often spend their elective ''looking over the shoulders'' of residents or attending physicians, which is not a well-received educational activity [2] . In fact, the passive nature of some radiology electives has led students to pursue an elective in the field simply because they believe it is low stress and time could be used for other purposes [3] .
Designing electives for medical students in diagnostic radiology is challenging due to the lack of available patient care responsibilities as a basis for structure [1] . Compared with other clinical rotations, there are limited opportunities to assess and review patients, write clinical notes, or perform procedures. Rather, students often spend their elective ''looking over the shoulders'' of residents or attending physicians, which is not a well-received educational activity [2] . In fact, the passive nature of some radiology electives has led students to pursue an elective in the field simply because they believe it is low stress and time could be used for other purposes [3] .
A few authors have provided suggestions on how to structure diagnostic radiology electives for senior medical students [1,2,4e6] . For example, Naeger et al [4] recommended providing goals and objectives on the first day of the elective, implementing a reliable attendance record, using mid-and end-of-elective evaluations, and having an attending radiologist assigned to the student with regular face-to-face meetings. Supplemental educational activities include gathering case histories, reviewing online teaching modules or articles, giving a presentation, or preparing a case report [4] . Reported benefits of elective restructuring include increased comfort with ordering radiologic imaging [1] , increased elective enrolment [5] , and higher test scores [6] .
Nevertheless, a limitation of the current literature is the absence of student input as a basis for elective reform. According to Kern et al's [7] approach to curriculum development in medical education, the first step in planning a successful curricular intervention is performing a needs assessment. A needs assessment is a systemic evaluation of the learner's needs to identify educational gaps and obtain suggestions for improvement. The results of a needs assessment can then help set priorities for future curricular interventions.
Student evaluations following the completion of a radiology elective is a practical tool that medical educators can use to obtain feedback regarding a student's elective experience. Items assessed in these evaluations, the format of which is typically determined by the undergraduate medical program, are variable and can include: effectiveness of structured and unstructured teaching sessions, opportunity to perform procedures, and overall satisfaction with elective experience. Although there has been extensive research and debate on the validity of student evaluations of teaching and its correlation with learning [8e10], student evaluations are usually the only data medical educators have available to assess teaching effectiveness.
At McMaster University, medical students can complete electives at 1 of 4 university teaching hospitals. Our department offers electives to students from McMaster University, other Canadian universities, as well as medical students studying abroad. Radiology rotations are not a mandatory component of the undergraduate medical curriculum at McMaster University. While on elective, students are encouraged to rotate through the various imaging modalities, observe staff and residents in image interpretation, and attend resident teaching rounds. Specific sites have implemented their own unique educational activities for students; for example, giving a 10-15-minute presentation, or working through learning modules. Based on personal observations and informal feedback, we suspected that improvements could be made to our medical student radiology electives.
In this paper, we describe 2 studies undertaken to restructure our senior medical student radiology elective. First, we conducted a formal needs assessment to identify current educational gaps. Based on these results, we established student-driven educational priorities, developed 3 curricular interventions, and restructured our elective at a single site, which was studied prospectively. A single site was chosen to pilot the new elective to allow for comparison of student scores postintervention across the different elective sites.
Study 1: Needs Assessment

Aim
We sought to conduct a needs assessment of senior medical student radiology electives to identify current educational gaps, identify suggestions for improvement, and set priorities for future elective structure. The educational experience of the elective was evaluated via the following outcome measures: achievement of educational goals, student satisfaction with elective experience, perceived knowledge gained, and impact on career choice.
Materials and Methods
The study protocol was reviewed by the McMaster Research Ethics Board and requirement for ethics approval was waived as this was deemed an audit project. Informed consent was obtained electronically from all participants.
Data collection
A retrospective survey using LimeSurvey [11] as an online platform was used. All senior medical students who completed a diagnostic radiology elective at McMaster University during the 2015 calendar year were invited to complete the survey. Senior medical students were defined as students in the clerkship phase of their training (thirdor fourth-year students in 4-year programs, or second-or third-year students in 3-year programs). A pilot survey was administered to 3 senior medical students and 2 radiology residents before implementation to promote the survey's face validity. All respondents agreed the survey's design was adequate. Respondents did suggest rewording 2 questions for improved clarity, which was performed. The Salant-Dillman protocol was used to maximize response rate [12] . First, an e-mail was sent 1 week in advance to notify all eligible participants of their upcoming invitation to participate in the study. Next, an e-mail containing the survey link was sent to all participants. Three weeks was allotted for survey completion with a final reminder e-mail sent 1 week before closing the survey [12] .
Survey items assessed the following: reasons for pursuing a diagnostic radiology elective, student educational objectives, elective satisfaction, perceived knowledge gained, the value of various current and potential educational activities, how our elective compared with electives in other disciplines, and impact on career choice. Survey items included dichotomous, ranking, 5-point Likert-type scale questions with responses ranging from 1 (poor) to 5 (excellent), as well as a few open-ended questions (Supplemental Appendix S1). A 5-point Likert-type scale using the above anchors was used in the survey to be consistent with the evaluations used by our institution's undergraduate medical program.
Data analysis
Data were analysed using Microsoft Excel 2010 (Microsoft Corp, Redmond, WA) and SPSS version 24 (IBM Corp, Armonk, NY).
Proportions, t tests, and univariate analyses of variance (ANOVAs) were used to describe and analyse responses from the quantitative and Likert-type scale questions.
Our survey included 6 open-ended questions to capture data that could have been missed with the quantitative questions. Five of these questions yielded very few responses and were not incorporated into our analysis. One open-ended question, which proved fruitful, was, ''What were your top 3 educational objectives for your elective?'' This question was analysed by one of the study authors (N.L.) and a first-year radiology resident using quantitative content analysis [13] . First, all responses were read and a coding framework was developed by the 2 assessors. Both assessors then coded the data into the predetermined framework using words as units of analysis. Proportions were used to describe these results.
To assess our survey's construct validity, we first generated 2 hypotheses derived from our data. The first hypothesis was that students who were more interested in radiology would be more satisfied with the elective. The second hypothesis was that students who were more satisfied with their elective would rate their knowledge gained higher. These 2 hypotheses were assessed using a univariate ANOVA and Pearson's correlation coefficient.
With regards to our survey's reliability, we analysed the questions involving student ratings of educational activities. Given that we expected each activity to have its own educational value, we first performed a principal component analysis (PCA) to determine which activities were related. Related groupings were then analysed using Cronbach's alpha. In cases where there was missing data (ie, students were not exposed to a particular educational activity), we substituted the grand mean of the items to preserve the power of the data [14] .
Results
A total of 58 students were eligible for participation. Thirty-six surveys were completed (1 of which was incomplete) corresponding to a response rate of 62%.
Sample characteristics are described in Table 1 .
In assessing the survey's construct validity, mean score for elective satisfaction in students interested in radiology as a career was 3.29 (95% confidence interval [CI], 2.77e3.80) vs a mean score of 3.45 (95% CI, 2.96e3.93) for students who were not interested in radiology (F ¼ 0.19, P > .1). Pearson's correlation coefficient for elective satisfaction and perceived knowledge gained was 0.67 (P < .001). For survey reliability measurements, a PCA identified 3 factors. Cronbach's alpha for factors 1 and 2 were 0.80 and 0.75, respectively. Factor 3 was not analysed, as it contained a single variable.
What are the needs?
The majority of students pursued an elective in diagnostic radiology to further their image interpretation skills (n ¼ 29, 81%) and to enhance their knowledge regarding various radiological studies (n ¼ 28, 78%). Sixty-seven percent (n ¼ 24) of students pursued an elective, as they were interested in or wanted to explore radiology as a career.
When asked students' top 3 educational goals for their elective, the responses with the highest response rates were the following: learn about radiology as a specialty (n ¼ 13, 37%), learn an approach to various types of computed tomography scans (n ¼ 13, 37%), understand the indications for various imaging modalities (n ¼ 11, 31%), improve chest x-ray interpretation (n ¼ 10, 29%), improve overall image interpretation (n ¼ 10, 29%), and learn about McMaster's residency program (n ¼ 7, 20%). The majority of students believed they achieved these objectives during their elective (n ¼ 30, 86%).
Mean scores for overall elective experience and perceived knowledge gained as a result of the elective was 3.4 AE 1.08 and 3.4 AE 0.92, respectively, corresponding to ratings of good or very good. Mean scores between the 4 elective sites did not differ with regards to overall elective experience (F ratio ¼ 1.67, P ¼ . 19) or perceived knowledge gained (F ratio ¼ 0.91, P ¼ .45). When asked to rate McMaster's radiology elective to electives offered in other specialties, the mean score was 3.1 AE 1.19, corresponding to a rating of good.
What components of medical student electives are associated with positive feedback? Table 2 summarizes the perceived educational value of the various activities students encountered during their elective. The 3 highest-rated educational activities were working with residents (mean ¼ 4.1 AE 1.24), attending resident rounds (mean ¼ 3.6 AE 1.11), and self-study time (mean ¼ 3.6 AE 1.28).
Students were also given a list of potential elective activities, derived from our literature review, and asked if they would like these activities incorporated into their elective. These results are summarized in Table 3 . Overall, a high proportion of students were in support of incorporating any of the proposed elective activities. When students were asked to rank 3 items from Table 3 that they would most prefer to see incorporated in their elective, the top choices were interpreting cases and reviewing with residents or staff (n ¼ 13, 37%), having a more structured schedule (n ¼ 11, 31%), having an assigned faculty mentor (n ¼ 9, 26%), and including formative quizzes (n ¼ 9, 26%).
What is the elective's impact on career choice?
Forty percent of students responded that the elective helped solidify their choice to pursue radiology as a career (n ¼ 14). Thirty-four percent (n ¼ 12) of students responded that the elective had no impact on their career choice, as they had already decided to pursue another specialty or they remained uncertain about radiology postelective. Two students (6%) responded that they changed their career choice to radiology as a result of the elective whereas 3 students Values are n (%). (9%) responded that this elective helped them decide against radiology as a career. Of the 24 students who indicated that they were interested in or considering radiology as a specialty choice, approximately two-thirds (n ¼ 16) found that the elective made them more interested in attending McMaster University's residency program. Four (17%) students were less interested or uninterested after completing the elective.
Intervention Development
Although the majority of students felt that they were achieving their educational goals during their radiology elective, we believed there was room for improvement based on ratings for overall elective experience and perceived knowledge gained. Using the needs assessment results, 3 student-driven interventions were developed.
First, new resident-led rounds were implemented as interpreting and reviewing cases was the most popular activity students wished to see incorporated into their elective. These rounds are 1-hour bimonthy sessions where students are given the opportunity to take cases and receive prompt feedback on their interpretation skills.
Second, a more structured schedule was implemented because this was the second-highest-ranked activity students desired in a radiology elective. Previously, students received a generic schedule and were assigned to a specific area daily (eg, neuro or ultrasound). Students would then have to find a resident or staff working in that area to shadow. As part of our intervention, unique schedules were created for each medical student. Students were predominantly assigned resident preceptors, as working with residents was a highly rated educational activity. Another new feature was the incorporation of self-study afternoons 3 days a week because this was also well rated by students. During this time, students were encouraged to work through an electronically available case bank (described in the following paragraph), work on their end-of-elective oral presentation, and read around the cases they saw during the day.
Finally, a case bank was created to help students achieve their educational goals of developing an approach to image interpretation and in understanding the indications of various imaging studies. This case bank presented a variety of cases from different subspecialties in radiology and encouraged medical students to write their own reports, choose the next step in the work-up of a patient, and provided a detailed answer key (example provided in Figure 1 ).
The previously mentioned changes were implemented at 1 of our 4 elective sites from July 1 to December 31, 2016.
Study 2: Prospective Analysis
Aim
We sought to prospectively evaluate the newly restructured radiology elective using the same outcomes as described in the needs assessment.
Materials and Methods
Ethics approval was obtained by the McMaster Research
Ethics Board and electronic informed consent was obtained from all participants.
Data collection and analysis
All senior students who completed electives at any of McMaster's 4 hospital sites from July 1 to December 31, 2016, were invited to participate. LimeSurvey was again used as an online survey platform and the same questionnaire was administered, with 2 additional items to evaluate our new interventions (bolded items in Supplemental Appendix S1). In this phase, we also extended an invitation for preclerkship medical students who completed the same elective to fill out a survey to see if there were differences in attitudes in this group compared with senior students that could impact how we structure electives moving forward.
Data were again analyzed using Microsoft Excel and SPSS.
Results
A total of 60 students were eligible for participation. Fifty-four surveys were completed (1 of which was incomplete) corresponding to a response rate of 90%. Sample characteristics for students in the prospective phase are described in Table 1 and, overall, were similar to the retrospective sample.
Sixteen preclerkship students completed a survey in this phase. A total of 17 (32%) students completed their elective at our pilot site, 6 (35%) of whom were preclerks. For the following results, these 17 students were considered the postintervention group, and the 12 students who completed the elective at the pilot site before the curricular changes were considered the preintervention group. Testing the first hypothesis to assess the survey's construct validity revealed a mean score for elective satisfaction in students interested in radiology as a career of 4.45 (95% CI, 4.13e4.76) compared with a mean score of 3.90 (95% CI, 3.58e4.26) in students not interested in radiology (F ¼ 5.26, P > .1). Pearson's correlation coefficient for the second hypothesis of elective satisfaction and perceived knowledge gained was 0.75 (P < .001). A PCA of the various educational activities identified 4 independent factors. Cronbach's alpha on factors 1 and 2 were 0.80 and 0.82, respectively, with factors 3 and 4 containing single variables.
Did we meet the needs?
Increased scores for multiple variables were demonstrated post intervention ( Table 4 ). All 17 students (100%) who completed the newly structured radiology elective at the pilot site stated that they achieved their educational goals postelective.
Mean score for overall elective experience preintervention at the pilot site was 3.3 AE 1.28 and score postintervention was 4.2 AE 0.90, which was statistically significant (P ¼ .022). There was no significant difference in scores for overall elective experience between the 4 elective sites (F ratio ¼ 1.82, P ¼ .16). The 3 other sites did also demonstrate increased mean scores for overall elective experience compared with the prephase, despite no change to their elective structure, 1 of which was statistically significant.
When asked to rate the new radiology elective compared with electives offered in other specialties, mean score was 3.7 AE 1.11, which was not statistically significant in comparison with the preintervention score (P ¼ .40). The remainder of the sites also had an increased score postintervention, 1 of which was statistically significant.
Mean score for perceived knowledge gained as a result of the elective preintervention was 3.2 AE 1.11 and postintervention was 3.8 AE 0.83, which was not statistically significant (P ¼ .11). There was no significant difference for this variable between the 4 elective sites (F ratio ¼ 0.24, P ¼ .87). Two other sites demonstrated increased scores postphase for perceived knowledge gained, 1 of which was statistically significant.
Students were also asked to rate our new curricular interventions. Mean score for the new resident-led medical student rounds was very high 4.9 AE 0.35, as was the score for the new case bank (mean ¼ 4.7 AE 0.49), corresponding to ratings of very good to excellent. In fact, these 2 activities were the highest rated of all the educational activities students encountered, the latter of which tied with ''working with residents'' (mean ¼ 4.7 AE 0.62).
Was there elective impact on career planning?
Of the 17 students from the pilot site, 4 students (24%) stated the elective helped re-enforce their choice to pursue radiology as a career. Eight students (47%) responded that the elective had no impact on their career choice. Two students (12%), both preclerks, responded that they changed their career choice to pursue radiology and 1 preclerk (6%) responded that he or she might consider radiology as a result of the elective. Two students (12%) responded that the elective helped them decide against radiology as a career choice. Overall, these findings were similar to the preintervention results.
Ten of the 14 students (71%) considering radiology as a specialty choice responded that the elective made them more interested in attending McMaster University's residency program (57% preintervention). No student responded that the elective made them less or uninterested in our program postelective.
Any further information learned from preclerkship students?
A total of 16 preclerks were surveyed in this phase. The majority of preclerkship students pursued an elective to explore radiology as a potential career choice (n ¼ 14 of 17, 82%), which was higher than clerkship students (n ¼ 14 of 38, 37%). Most preclerks also wanted to further their image interpretation skills (n ¼ 15 of 17, 88%), which was relatively similar to clerks (n ¼ 27 of 38, 71%).
Preclerks who completed electives at our pilot site rated the elective experience higher than did preclerks at other sites, with a mean score of 4.5 AE 0.55 vs 3.5 AE 0.85 (P ¼ .02). This group also rated their knowledge gained postelective higher with a score of 4.0 AE 0.89 vs 3.3 AE 0.82 (P ¼ .13).
Discussion
This study describes the restructuring of a diagnostic radiology elective for medical students using a needs assessment as a basis for reform. In medical education, conducting a needs assessment is essential before making curricular changes to adequately assess the nature of the problem and subsequently develop an ideal solution [7] . Students are key stakeholders in this process, as they can provide useful feedback on the effectiveness of different teaching strategies [15, 16] . The completion of a needs assessment is a unique feature of our study compared with what currently exists in the radiology medical education literature. Our prospective analysis demonstrates improved scores in elective satisfaction and perceived knowledge gained postelective restructuring. These are interesting outcomes to consider in the medical education as positive correlations have been demonstrated between student self-assessments in learning and various learning outcomes [8e10].
Top-rated educational activities students encountered on elective were working with residents, attending resident rounds and self-study time. Students may enjoy working with residents and attending resident rounds, as residents are also learners who are developing an approach to radiologic interpretation, which students may find more relatable and valuable. Moreover, residents generally have more time to teach compared with staff. High ratings for self-study time could be explained by Knowles et al's [17] well-established adult learning theory. In his theory, Knowles et al [17] stated that individuals who take initiative learn more effectively than people waiting to be taught. This theory is in keeping with the results of a systematic review by Murad et al [18] that demonstrated that self-directed learning in health profession education is associated with moderate improvement in the knowledge domain compared with traditional teaching methods.
When asked which potential activities students most wanted to see in their elective, the 2 highest rated activities were interpreting and reviewing cases and having a more structured schedule. Students may have rated interpreting and reviewing cases highly as image interpretation is a wellestablished skill that medical students perform poorly [19, 20] , and the chance to improve this skill is likely of interest to students. The addition of a case bank and residentled rounds to the new radiology elective were 2 practical interventions that allowed students to interpret and review cases. Interestingly, these 2 interventions were the most wellrated educational activities post elective restructuring. This finding correlates well with Lindeman's [21] adult learning theory wherein he states that experience is the richest source for learning. With regards to student schedules, multiple other authors have incorporated more structured schedules into redesigned radiology electives with improved outcomes [1, 5, 6] .
From a career planning perspective, our elective did not have a large impact on career choice, with the majority of students responding that the elective helped solidify their desire to pursue radiology as a career or that it had no impact. This is likely due to the fact that most students have already decided on a specialty choice by the senior years of medical school [22] . This also likely explains the higher proportion of preclerks who pursued an elective to explore radiology as a career, as shown in our subgroup analysis. Interestingly, a slightly higher proportion of students were more interested in attending McMaster University's residency program postelective restructuring, which is in keeping with previous work demonstrating higher retention rates with increased student satisfaction scores [23] . This may be of interest to program directors and residency selection committees because, perhaps, an improved elective experience could lead to easier student recruitment [23] .
A limitation of our study was that student learning was not objectively assessed. Rather, our study focused on student perceptions for 2 reasons: first, we wanted to increase the generalizability of our findings by utilising a tool (student evaluations) that is readily accessible to medical educators. Moreover, one challenge in measuring learning in this study is the lack of control over what the students are doing during their rotations. We also expect students to learn during their elective regardless of elective structure. Nonetheless, future studies objectively collecting pre-and postelective knowledge using a standardized knowledge test would be of value to assess elective impact on knowledge gained. Alternatively, future follow-up could be performed in students who have undergone the old and new curriculum to audit their image interpretation skills and ability to appropriate order various imaging tests. Another limitation of this study is that we did not attempt to define students' unperceived educational needs. As illustrated in Luft and Ingham's [24] well-established selfawareness model, the Johari window, students do not know what they do not know. Establishing these unknown educational needs via knowledge exams, interviews with staff and residents, and simulations, for example, would strengthen this study's findings and would be an interesting avenue to explore in the future. Additionally, a potential confounding factor that could not be controlled for was preceptor impact. It is possible that students at the different sites interacted with very enthusiastic or less engaging staff, which could have impacted scores. Finally, a larger sample size in future studies would be of value to increase study power and the robustness of the data. We believe the latter 2 limitations account for some of the differences seen the postintervention scores at the other elective sites despite the lack of an intervention.
In terms of future directions, this study predominately focused on the ''medical expert'' role in the CanMEDS framework [25] . Future studies incorporating all of the CanMEDS core competencies in a new curriculum would likely be of value to medical students.
Conclusions
This study describes the restructuring of a radiology elective for medical students using a needs assessment as a basis for reform. These results are important to undergraduate radiology medical educators as changes in elective structure can have a beneficial impact on knowledge gained and other learning outcomes. Before making changes in medical student elective structure, we suggest conducting a needs assessment to fully characterize what can be improved and determine the solutions that could be implemented. Hopefully the use of this approach will lead to the creation of higher quality electives for medical students in radiology.
